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An improved method for the determination of trace quantities of free cyanide has been developed using ion 
chromatography with electrochemical detection. Detection limits of 1 Jig/L have been achieved with 
linearity of response over the range 1 to 1000 fig/L. The precision of replicate injections is 0.6 percent, 
expressed as the relative standard deviation. The method has been applied to the analysis of dust samples. 

Key words: air-particulate; cyanide; electrochemical detection; environmental monitoring; ion 
chromatography; trace analysis. 



1. Introduction 

The use of cyanide is widespread and vital to 
industries involved in such commercially important 
operations as electroplating, extracting precious 
metals, chelating metals, case hardening of steel, and 
fumigating orchards. The extreme toxicity of cyanide 
requires that its use be strictly controlled and that 
proper monitoring be in effect to guard against 
contamination. 

A number of procedures for the determination of 
cyanide have been proposed. The classical Liebig 
method involves the titration of cyanide ion with 
silver ion in an ammoniacal solution" 1 using the 
formation of silver iodide as the end-point indicator 
[l]. 1 A modification to this method uses rhodanine 
indicator to detect the endpoint [2]. These titration 
procedures generally have a minimum detection limit 
of 1 milligram per liter (mg/L). Interferences include 
sulfide and halides. Another widely used technique for 
the determination of cyanide is based on the color- 
formation of cyanogen chloride with pyridine and 
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barbituric acid followed by spectrophotometric or 
colorimetric quantitation [2-4]. Chien discusses in 
detail the many factors affecting the development of 
color [5]. Botto has proposed an alternative 
colorimetric procedure using p-phenylenediamine after 
bromination of the cyanide [6], These techniques have 
a minimum detection limit of 10 micrograms per liter 
(iAg/L) with interferences from thiocyanate, cyanate, 
and colored or turbid solutions. Willekins and Van 
Den Bulcke describe a colorimetric procedure for free 
cyanide using lithium picrate. They report a detection 
limit of about 0.5 mg/L [7], Generally the colorimetric 
and titration procedures require large volumes of 
sample (100 to 1000 mL). 

Gas chromatography has been utilized for the 
determination of cyanide primarily in biological 
samples with a minimum detection limit of 50 ug/L 
['8- 12]. Several electrochemical procedures have been 
developed using pulse polarography [13], coulometry 
[14,15], amperometry with flow-injection [16,17], 
and ion-selective electrodes [18-24], The pulse 
polarographic technique is capable of distinguishing 
between cyanide and sulfide and has a minimum 
detection limit of 20 ug/L. Coulometric procedures 
for cyanide have the distinct advantage of being 
absolute methods, requiring no calibration curves. 
However sulfide and oxidizable species interfere, and 
the minimum detection limit is estimated to be only 60 
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p,g/L. Flow-injection analysis with amperometric 
detection is an extremely sensitive technique with a 
minimum detection limit of 1 /u,g/L, but once again 
sulfide, halides, and easily oxidized species interfere. 
Ion-selective electrodes (ISE) afford a rapid means of 
analysis with monitoring applications. Generally, the 
minimum detection limit for such analyses is about 20 
u-g/L, although detection limits of 2 /xg/L [18] and 0.5 
ug/L [21] have been reported. Sulfide and iodide are 
serious interferences in these ISE procedures. 

DuVal et al. have proposed an indirect ion- 
chromatographic determination of cyanide based on 
the stoichiometric reactions of iodine with cyanide 
and subsequent quantitation of the reaction product, 
iodide [26]. The minimum detection limit of the 
procedure is reported to be 0.4 mg/L. All species 
oxidizable by iodine are potential interferences. Bond 
et al. describe an ion chromatographic method for the 
simultaneous determination of cyanide and sulfide [26]. 
In this case anodic amperometric detection with 
mercury electrodes was used, with detection limits of 
about 1 mg/L. 

In principle, ion chromatography with electro- 
chemical detection (IC/EC) combines the advan- 
tages of the sensitivity of flow injection analysis 
with the selectivity (freedom from interferences) of 
chromatography. Judicious choice of the electrode 
material and the applied voltage can further enhance 
the selectivity and the sensitivity. In this paper a 
procedure for the rapid determination of free cyanide 
using ion chromatography with electrochemical 
(amperometric) detection is described. The procedure 
has a minimum detection limit of about 1 jitg/L and is 
relatively free from interferences such as sulfide, 
halides, and thiocyanate. 

2. Experimental 

2.1 Apparatus 

A commercially available ion chromatograph 
(Dionex Model 10) 2 with the electrochemical detector 
accessory (Model 35221) was used. The single-piston 
pump in the ion chromatograph was replaced with a 
dual-piston pump to reduce flow pulsations, a critical 
consideration in electrochemical detection. The 
detector system is composed of a potentiostat and a 
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3-electrode flow-through cell. The working electrode 
is a silver rod; the reference electrode is silver/silver 
chloride with an ion-exchange membrane junction; and 
the counter electrode is stainless steel. The anion 
exchange separator columns, type S2, and the 
corresponding pre-column used in this work are 
commercially available from the Dionex Corporation. 
These columns have greater ion-exclusion properties 
than normal anion separators have. No suppress- 
or column was necessary for this application. 
Chromatograms were recorded on a strip-chart 
recorder. 

2.2 Reagents 

All chemicals used in this work were of reagent- 
grade quality. The water used for dilutions was doubly 
distilled, deionized and passed through a 0.2 u.m filter. 

The eluent for the ion chromatograph was prepared 
by mixing 10 mL of 0.4 mol/L sodium carbonate, 10 
mL of 2 mol/L sodium hydroxide, 4 mL of anhydrous 
ethylenediamine, and 3.8 g of sodium tetraborate 
decahydrate with 4 L of water. A stock solution of 
cyanide, nominally 1000 ppm, was prepared by 
dissolving 1.884 g of sodium cyanide in 1000 mL of 
the eluent buffer solution described above. The actual 
concentration of cyanide in this solution was 
determined by a Liebig titration [1]. Calibration 
solutions down to 0.6 ppm were prepared by serial 
dilution of this stock solution with the eluent solution. 
Extreme care must be exercised in preparing the low 
level solutions to avoid contamination. The 1000 ppm 
stock solution and the bottle of sodium cyanide should 
be removed from the vicinity of the diluent and the 
low level solutions. Under no circumstances should 
the buffer solution used for the dilutions be exposed to 
an open bottle of sodium cyanide. The small amount 
of sodium cyanide which hydrolyzes to hydrogen 
cyanide is readily absorbed by the basic solution, 
which will subsequently bias the low level standards. 
There is evidence that the hydrogen cyanide will even 
diffuse through polyethylene bottles and bags. 

2.3 Chromatographic Procedure 

The eluent was pumped through the system at the 
rate of 4 mL per minute creating a system pressure of 
2760 kPa (400 psi). Pulsations were approximately 70 
kPa (10 psi). The sample loop had a volume of 100 
ju,L. Samples and standards were loaded into the loop 
using a syringe and a 0.2 u-m syringe filter. The sample 
loop was rinsed with approximately 1 mL of the 
analyte solution before the sample was injected onto 
the column. This was done to prevent sample-to- 
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sample contamination. The potentiostat controlling the 
3-electrode detection system was set at +0.02 V. At 
this potential, the system is at its maximum sensitivity 
for cyanide, and relatively insensitive to the halides. 

The current setting of the detector was varied from 
30 nA/V to 1 juA/V according to the cyanide 
concentration in the sample. Chromatograms were 
recorded on a strip chart recorder set at 1 V full scale 
and 0.5 cm/min. Identification was by peak retention 
time and quantitation was by interpolation of the 
calibration curve, peak height versus concentration. 

2.4 Sample Preparation 

The samples analyzed in this investigation were 
obtained in an industrial setting in and around an area 
which contained large quantities of sodium cyanide. 
Dust and particulate samples were collected on small 
(approximately 12x12 cm) dry laboratory tissues by 
repeatedly wiping over the sample area (floor, table, 
bench, etc.) until the majority of the dust appeared to 
be transferred to the tissue. The tissues were then 
placed in individual polyethylene bags and transported 
to the laboratory for analysis on the same day. The 
samples were transferred to individual Erlenmeyer 
flasks. The cyanide was extracted from the tissue with 
20 mL of the eluent buffer solution in an ultrasonic 
bath at 23 °C. The extract was then loaded into the 
sample loop of the IC as described above. Clean 
tissues were run as blanks. 

3. Results and Discussion 

A chromatogram of a solution containing 0.6 mg/L 
cyanide is shown in figure 1. The retention time for 
cyanide is 4.5 min. Under the same conditions, sulfide 
elutes at 2.0 minutes with a response factor (peak 
height/concentration) similar to that of cyanide. 
Chloride elutes at 3.2 min with a response factor about 
1000 times less than that of cyanide. Retention times 
for bromide, iodide, and thiocyanate exceed 10 min 
using this eluent. It can be concluded that the halides 
and thiocyanate pose no serious threat of interference 
with cyanide determinations unless in concentrations 
so great as to overload the capacity of the ion- 
exchange separator columns. Sulfide should not 
interfere unless the sulfide to cyanide ratio is 
excessive. It is anticipated that at high levels of sulfide 
(10 mg/L), the chromatographic separation of sulfide 
and cyanide will afford baseline resolution. However, 
the silver working electrode may be adversely 
affected causing nonlinear response towards cyanide. 
Further research is required to determine at what 
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Figure 1-Chromatogram of a 0.6 mg/L cyanide solution. Electro- 
chemical detection. 

levels and to what extent sulfide poses a problem with 
the cyanide determination. 

The linearity of response over the range 10 to 1000 
jxg cyanide per liter of solution is portrayed in figure 
2. The detector setting was 1 |uA/V. The correlation 
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Figure 2-Calibration curve for cyanide over the range 10 to 1000 
Hg/L using IC/EC. 1 pA/V setting. 
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coefficient for the linear least-squares fit of the data 
points is 0.99997. 

For levels below 10 ju-g/L, the detector sensitivity 
was set at 30 nA/V- The response characteristics at 
this setting over the concentration 0.5 to 10 /xg/L 
cyanide is displayed graphically in figure 3. Linearity 
is excellent and confirmed by a correlation coefficient 
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Figure 3-Calibration curve for cyanide over the range 0.5 to 10 
(xg/L using IC/EC. 30 nA/V setting. 

of 0.9997. Detection below this level is not possible at 
this time due to baseline noise. At concentrations 
above 1000 ju,g/L, the response becomes nonlinear, 
probably due to saturation of the electrode surface. 
This can be remedied by using a smaller sample loop 
or by diluting the sample. Replicate injections of a 
solution containing approximately 500 ug/L cyanide 
resulted in a precision of 0.6 percent as expressed as 
the relative standard deviation of five measurements. 
The results of the analyses of the dust samples, 
calculated in terms of micrograms of cyanide extract- 
ed from the tissue are shown in table 1. Only three 
samples contained measurable cyanide. All others 
are listed as less than 0.5 ug which for these 
preliminary measurements is the overall system 
detection limit. Additional research is needed to 
improve the sampling and extracting procedures in 
order to reduce this limit. 

Table 1. Determination of free cyanide in dust samples by IC/EC. 







Cyanide 


Sample 


Type 


(micrograms per tissue) 


A 


Floor, office 


<0.5 


B 


Cabinet, office 


<0.5 


C 


Floor, work area 


10 


D 


Floor, work area 


130 


E 


Table, work area 


30 


F 


Blank 


<0.5 



4. Summary and Conclusion 

An improved method for determining trace 
quantities of free cyanide has been developed using 
ion chromatography with electrochemical detection. 
Detection limits of 1 j^g/L have been achieved with 
linearity from this level to 1000 ug/L. The relative 
standard deviation for measurements made on 
replicate injections is better than 1 percent. The 
method has been applied to the analysis of dust 
samples. Future research will include the investigation 
of the effects of large quantities of sulfide on the 
cyanide response, and the application of the method to 
air-particulate samples collected on filters and to air 
samples collected by impingers. In addition, the 
determination of total cyanide by this method will be 
undertaken with appropriate modifications to the 
standard reflux-distillation procedures [2], 
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